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Abstract²5HPRWH $FFHVV /DERUDWRULHV 5$/ DUH RQOLQH
HQYLURQPHQWVWKDWDOORZXVHUVWRDFFHVVLQVWUXPHQWVWKURXJKWKH
,QWHUQHW 6XFK HQYLURQPHQWV HQDEOH XVHUV WR FRQWURO HTXLSPHQW
DQG FROOHFW GDWD ZLWKRXW EHLQJ SUHVHQW LQ WKH ODERUDWRU\ 7KLV
DOVRPHDQVWKDWXVHUVZRUNLQDGLVMRLQWPDQQHUDQGFDQQRWFR
RUGLQDWHHTXLSPHQWXVDJHGLUHFWO\ZLWKHDFKRWKHUDVWKH\ZRXOG
GR LQ UHJXODU RQVLWH ODERUDWRULHV 5HPRWH ODERUDWRU\
PDQDJHPHQW V\VWHPV GHDO ZLWK VFKHGXOLQJ XVHUV DV PRVW
LQVWUXPHQWVFDQQRWSURFHVVPXOWLSOHXVHUV¶UHTXHVWVDW WKHVDPH
WLPH7ZRVFKHGXOLQJVWUDWHJLHVDUHSUHGRPLQDQWO\XVHGLQ5$/V
WLPH VORWWLQJ DQG WKH TXHXLQJ 7KLV LV VWUDLJKWIRUZDUG LQ
FHQWUDOLVHG VHUYLFHRULHQWHG HQYLURQPHQWV LQ SDUWLFXODU ZKHQ
LQVWUXPHQWV DUH DYDLODEOH FRQWLQXRXVO\ WKURXJKRXW WKH GD\ ,Q
WKLVSDSHU WLPHVFKHGXOLQJ LQWKHFRQWH[WRID'LVWULEXWHG3HHU
WRSHHU 5HPRWH ODERUDWRU\ IHDWXULQJ TXHVWEDVHG OHDUQLQJ LV
GLVFXVVHG +HUH LQWHUDFWLRQ ZLWK WKH HQWLUH V\VWHP LV RUJDQLVHG
DURXQG D VHW RI OHDUQLQJ DFWLYLWLHV RU quests 7KLV LQFOXGHV WKH
H[SHULPHQWVGHVLJQHGE\XVHUVDQGWKHVKDULQJRIH[SHULPHQWVE\
XVHUV7KHSURYLGHUVRIWKHH[SHULPHQWVKDYHWKHIOH[LELOLW\WRSXW
WKHLU V\VWHPV RQOLQH DV SHU WKHLU FDSDELOLWLHV $V VXFK WKH
H[SHULPHQWVDYDLODELOLW\EHFRPHVFDUFHUDQGPXVWEHMXGLFLRXVO\
DVVLJQHGWRWKHXVHUVZKRQHHGWKHPPRVW 
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network; e-learning systems;   learning management system 
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5HPRWH $FFHVV /DERUDWRULHV 5$/ >@ DUH RQOLQH
HQYLURQPHQWV WKDW DOORZ XVHUV WR DFFHVV LQVWUXPHQWV RYHU WKH
,QWHUQHW6XFKHQYLURQPHQWVHQDEOHXVHUVWRFRQWUROHTXLSPHQW
DQGFROOHFWGDWD IURP LWZLWKRXW WKHQHHG WREHSUHVHQW LQ WKH
ODERUDWRU\ RU FODVVURRP 7KLV PHDQV WKDW XVHUV ZRUN LQ D
GLVMRLQW PDQQHU XQDEOH WR FRRUGLQDWH WKH XVDJH RI WKH
H[SHULPHQWPDQXDOO\ZLWKRWKHUSDUWLFLSDQWVDVLWRIWHQRFFXUV
LQDUHJXODURQVLWHODERUDWRU\*HQHUDOO\WKHUHPRWHODERUDWRU\
PDQDJHPHQW V\VWHP 5/06 KDQGOHV VFKHGXOLQJ DQG XVHU
DFFHVVDVPXOWLSOHXVHUVW\SLFDOO\FDQQRWFRQWUROH[SHULPHQWDO
LQVWUXPHQWVVLPXOWDQHRXVO\
$'LVWULEXWHG5HPRWH$FFHVV/DERUDWRU\'5$/HPSOR\V
DGLVWULEXWHG5/06WKDWFDQVXSSRUWSHHUWRSHHUFROODERUDWLRQ
>@ 7KH PDLQ UHDVRQ WR WDNH D GLVWULEXWHG DSSURDFK LV WR
DOORZ XVHUV WR GHVLJQ ULJV RQ WKHLU RZQ DQG VKDUH WKHPZLWK
RWKHUXVHUV)LJVKRZVWKHEDVLFDUFKLWHFWXUHRID335$/
7KHUHDUHWZRW\SHVRIXVHUVLQWKHV\VWHP
x UsersRUclientsZKRRSHUDWH WKHH[SHULPHQWIRU OHDUQLQJ
SXUSRVHVDOVRNQRZQDVWKHplayersDQG
x providersZKRKRVWDQGRSHUDWHH[SHULPHQWDOVHWXSV
4XHVWEDVHG OHDUQLQJ >@ LV D VSHFLDO LQVWDQFH RI JDPH
EDVHG OHDUQLQJZKHUH WKHSOD\HUV DUHJLYHQD VHWRI WDUJHWVRU
JRDOV WR DFKLHYH 7KHVH WDUJHW REMHFWLYHV UHODWH WR SDUWLFXODU
OHDUQLQJ REMHFWLYHV 7KH5$/ILH >@ SURMHFW LQWURGXFHV TXHVW
EDVHGOHDUQLQJWR'5$/HQYLURQPHQWWRDOORZVFKRROVWXGHQWV
WR GHVLJQ DQG EXLOG WKHLU RZQ H[SHULPHQWV >@ DQG WKHQ UXQ
HDFK RWKHU
V H[SHULPHQWV (DFK H[SHULPHQW LV SDUW RI D TXHVW
ZKLFKLQWXUQLVSDUWRIDODUJHKLHUDUFK\RIWKHTXHVWVWKDWDUH
UHODWHGWRGLIIHUHQWILHOGVRIVWXG\&RPSOHWLQJRQHVXFKTXHVW
PHDQVWKHSOD\HUKDVJDLQHGWKHNQRZOHGJHDERXWDSDUWLFXODU
6FLHQFH 7HFKQRORJ\ (QJLQHHULQJ DQG 0DWKHPDWLFV 67(0
WRSLF 7KH XVH RI TXHVWEDVHG OHDUQLQJ DGGV QHZ YDULHWLHV RI
PRWLYDWLQJ IDFWRUV DQG XVHU UHTXLUHPHQWV WR DFKLHYH FHUWDLQ
JRDOV LQ WKH HQWUH 5$/ EDVHG JDPH DQG WKXV DIIHFW WKH
VFKHGXOLQJ
7LPHVFKHGXOLQJLHPDNLQJVXUHWKDWHDFKXVHUFDQDFFHVV
H[SHULPHQW HIIHFWLYHO\ KDV EHHQ DGGUHVVHG LQ WKH FRQWH[W RI
WUDGLWLRQDO 5$/V HJ >@ 6FKHGXOLQJ XVHUV LQ D GLVWULEXWHG
HQYLURQPHQW WKDW IHDWXUHV D JDPLQJ DSSURDFK SRVHV QHZ
FKDOOHQJHV )LUVWO\ H[SHULPHQWVZLOO XVXDOO\ QRW EH RQOLQH DOO
WKH WLPH EXW EH OLPLWHG WR VSHFLILF WLPH SHULRGV 7KLV LV LQ
FRQWUDVW WR UHJXODU 5$/ ZKHUH WKH HTXLSPHQW LV W\SLFDOO\
DYDLODEOH µî¶ 6HFRQGO\ GXH WR WKH QDWXUH RI TXHVWEDVHG
OHDUQLQJWKHUHDUHDQXPEHURISUHVFULEHGVHTXHQFHVLQZKLFK
H[SHULPHQWKDYH WREHFRPSOHWHG LHXVHUVZLOOKDYHYDU\LQJ
UHTXLUHPHQWV ZKLOH VHOHFWLQJ H[SHULPHQWV ,Q WHFKQLFDO WHUPV
ERWK LGHQWLI\ DGGLWLRQDO FRQVWUDLQWV IRU WKH XVHUVFKHGXOLQJ
SUREOHP
)LJ7KHGLVWULEXWHG335$/V\VWHP
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7KLV SDSHU SURSRVHV DQG HYDOXDWHV D QRYHO VFKHGXOLQJ
VFKHPHEDVHGRQWLPHVORWWLQJWKDW LVVXLWDEOHIRU'5$/7KH
GHFLVLRQWRDOORFDWHDSDUWLFXODUH[SHULPHQWWRDSDUWLFXODUXVHU
LVEDVHGRQWKHXVHUV
SUHIHUHQFHIRUWKDWH[SHULPHQWZKLFKZLOO
LQ SUDFWLFH EH GHWHUPLQHGE\ WKH OHDUQLQJTXHVW7R VROYH WKH
VFKHGXOLQJSUREOHP LW LV IRUPXODWHG DV D terminal assignment 
problemZLWKDNQRZQVROXWLRQ>@7KHDLPLVWRILQGVXLWDEOH
SDLULQJV EHWZHHQ XVHUV DQG SURYLGHUV VXFK WKDW WKH KLJKHVW
QXPEHU RI H[SHULPHQW VHVVLRQV FDQ EH FRPSOHWHG LQ D JLYHQ
WLPHSHULRGZKLOHXVHUSUHIHUHQFHVDERXWVHTXHQFLQJDUHWDNHQ
LQWR DFFRXQW :KLOH PRWLYDWLRQ DQG FRQWH[W RI WKH SUREOHP
IRUPXODWLRQ DUH VSHFLILF WKH VROXWLRQ LV DSSOLFDEOH WR RWKHU
OHDUQLQJHQYLURQPHQWVDVZHOO
7KH UHPDLQGHU RI WKH SDSHU LV RUJDQLVHG DV IROORZV
&KDUDFWHULVWLFV RI VFKHGXOLQJPHFKDQLVPV XVHG IRU WUDGLWLRQDO
5$/VDUHGLVFXVVHG LQ6HFWLRQ ,,)ROORZHGE\DQDQDO\VLVRI
ZKLFKRI WKHVH LV VXLWDEOH LQ WKHFRQWH[WRI'5$/DQGTXHVW
EDVHGHGXFDWLRQ5HTXLUHPHQWVDQGDVVXPSWLRQVUHJDUGLQJWKH
QHZ VFKHGXOLQJ VWUDWHJ\ DUH SUHVHQWHG LQ 6HFWLRQ ,9 7KH
terminal assignment problemDQGLWVDSSOLFDWLRQLQWKLVFRQWH[W
DUHGLVFXVVHGLQ6HFWLRQ6HFWLRQSUHVHQWVVLPXODWLRQUHVXOWV
RQWKHSURSRVHGVFKHGXOLQJPHWKRG.  
,, 5(/$7(':25.
7LPH VFKHGXOLQJ LQ UHPRWH ODERUDWRULHV KDV EHHQ
LQYHVWLJDWHG LQ WKHSDVW >@7LPHVFKHGXOLQJ LQ5$/ LV
HVVHQWLDOO\ VROYLQJ D SUREOHP RI UHVRXUFH DOORFDWLRQ ZLWKLQ D
JLYHQ VHW RI HTXLSPHQW UHVRXUFHV WKDW FDQ SHUIRUP YDULRXV
RSHUDWLRQV7KHVROXWLRQZLOOYDU\GHSHQGLQJRQ WKHQDWXUHRI
ULJRSHUDWLRQHJWLPHWDNHQDPRXQWRIGDWDHWF7KHJRDOLVWR
PD[LPL]HERWKWKHHIILFLHQF\RIWKHLQVWUXPHQWV¶XVHDVZHOODV
WKHTXDOLW\RIXVHUVOHDUQLQJ
7KHUH DUH WZR PDMRU PHWKRGV RI VFKHGXOLQJ XVHUV WLPH
VORWWLQJ DQG TXHXHLQJ &RPELQDWLRQV RI WKHVH PHWKRGV KDYH
DOVREHHQSURSRVHG>@7LPHVFKHGXOLQJLVGLUHFWO\UHODWHG
WR WKHQDWXUHRI WKHH[SHULPHQW LQ WHUPVRIKRZPXFK WLPH LW
WDNHV WR FRPSOHWH RQH H[SHULPHQWDO DFWLYLW\ HYHQW EHIRUH WKH
XVHUV KDYH WR SURYLGH IXUWKHU LQSXW 6RPH H[SHULPHQWV DUH
G\QDPLFDQG 
OLYH
 UHTXLULQJFRQVWDQWYLJLODQFHRQ WKHSDUWRI
WKHXVHUZKLOVWRWKHUDFWLYLWLHVPD\WDNHDFRQVLGHUDEOHDPRXQW
RI WLPH WRRSHUDWH DIWHU WKHXVHUKDVSURYLGHG D VHW RI LQSXWV
7KLV VHFWLRQ GLVFXVVHV WKH H[LVWLQJ VFKHGXOLQJ PHWKRGV DQG
ZK\WKH\DUHQRWGLUHFWO\VXLWDEOHIRUWKH'5$/
A. Time Slotting 
7LPHVORWWLQJRUtime reservationGLYLGHVDJLYHQSHULRGRI
WLPH LQWR GLVFUHWH VORWV DFFRUGLQJ WR WKH H[SHULPHQW QDWXUH
(DFK VORW LV WKHQ DOORWWHG WR DXVHUGXULQJZKLFK WKHXVHUKDV
IXOO FRQWURO RYHU WKH HTXLSPHQW &KDUDFWHULVWLFV RI WKH WLPH
VORWWLQJ PRGH LQFOXGH WKDW WKH XVHU JHWV WKH IXOO DFFHVV DQG
JLYHV LQSXWV DWZLOO 7KH XVHU LQSXW JDWKHULQJ DQG SURFHVVLQJ
GRHV QRW KDYH WR EH DW SHULRGLF LQWHUYDO 7KH LQSXWV PD\ EH
JLYHQDWUDQGRPWLPHZLWKLQWKHWLPHVORW7KLVDOORZVWKHXVHUV
WRDSSO\DZDLWDQGVHHDSSURDFKZKHUHWKH\FDQWDNHWLPHDQG
DQDO\VHWKHLUFXUUHQWSRVLWLRQLQWKHH[SHULPHQWDQGWKHQPRYH
IRUZDUG
7KLV IHDWXUH LVPRVW VXLWDEOH IRU H[SHULPHQWV WKDW DUH IDVW
H[SHULPHQWV LQYROYLQJ D YDULDEOH HQYLURQPHQW DQG WKH XVHUV
PDNLQJ PXOWLSOH GHFLVLRQV WR JHW WKH UHTXLUHG UHVXOW %\
DOORWWLQJ D WLPH VORW WR LQGLYLGXDO XVHUV WKH XWLOL]DWLRQ RI WKH
UHVRXUFHVGURSV$SRRUO\GHVLJQHGWLPHVORWOHQJWKFDQFDXVH
WKH XVHUV WR ILQLVK WKH H[SHULPHQWV WRR HDUO\ $OVR WKH XVHUV
PD\QRWXVHWKHHTXLSPHQWPXFKZLWKWKHWLPHVORWVDQGVSHQG
PRUH WLPH RQ WKH GHFLVLRQPDNLQJ FRPSRQHQW OHDGLQJ WR
LQWHUQDOVORWIUDJPHQWDWLRQ6LQFHWKHWLPHVDWZKLFKWKHXVHUV
PD\VWDUWWKHH[SHULPHQWDUHGLVFUHWHWKH\DUHDOORWWHGWKHVORWV
LQDFirst-Come-First-ServeEDVLV7KLVPD\UHVXOW LQPXOWLSOH
WLPHVORWVEHLQJXQDVVLJQHGLIQRQHRIWKHWDUJHWXVHUVFDQXVHLW
DWWKDWWLPHOHDGLQJWRH[WHUQDOVORWIUDJPHQWDWLRQ7KHQXPEHU
RIVORWVOLPLWVWKHWRWDOQXPEHURIXVHUVWKDWFDQEHVHUYHG
B. Queuing 
4XHXLQJLVWKHFRQYHUVHRIWLPHERRNLQJ,WFUHDWHVDOLVWRI
XVHUV UHTXHVWV DQG SURFHVVHV RQH UHTXHVW DW D WLPH 7KH XVHU
JLYHV D VHW RI LQSXWV IRU DQ H[SHULPHQW DQG HDFK RI WKHVH
UHTXHVWV ZLWK D VHW RI LQSXWV DUH SXW LQ D queue E\ WKH
H[SHULPHQW FRQWUROOHU RU WKH 5/06 7KH UHTXHVWV DUH WKHQ
H[HFXWHGLQRUGHU LH),)2PDQQHU7KHFKDUDFWHULVWLFVRI WKH
TXHXLQJPRGHLQFOXGHWKDWXVHUVJHWIXOODFFHVVEXWDUHXQDEOH
WRSURYLGHLQSXWVDWZLOO7KHXVHUV¶LQSXWVDUHEXQGOHGDVRQH
FORVHG SDFNHW RI LQIRUPDWLRQ WKDW LV SURFHVVHG DV ZKROH DW
GLVFUHWHLQWHUYDOVRIWLPH7KHLQSXWVPD\EHJLYHQDWDQ\WLPH
EXW WKH UHVSRQVHZLOO GHSHQG XSRQ WKH QXPEHU RI UHTXHVWV LQ
WKH TXHXH EHIRUH WKDW 7KLV GHQLHV WKH XVHUV DQ LQWHUDFWLYH
VHVVLRQ DQG WKHUH LV QR VFRSH IRU FKDQJLQJ LQSXWV RQFH
H[SHULPHQWSURFHVVLQJVWDUWV
7KLV IHDWXUH RI UHGXFHG DFFHVVLELOLW\ LV PRVW VXLWDEOH IRU
H[SHULPHQWV WKDW DUH VORZ DQG FDQ EH GRQH ZLWK DXWRPDWHG
LQVWUXPHQWV WKDW SHUIRUP H[SHULPHQWV ZLWK XVHU LQSXWV 7KH
HQYLURQPHQWYDULDEOHVFDQEHVHWRQO\RQFHDQGWKHXVHUVKDYH
RQO\RQHFKDQFHWRJHWWKHUHTXLUHGUHVXOW2EYLRXVO\KH5/06
DOORZ WKHXVHUV WRSRVW DQRWKHUPRGLILHG UHTXHVW LQ IXWXUH VR
WKH XVHUV FDQ DOZD\V JHW DFFXUDWH UHVXOWV XQGHU WKH GHVLUHG
HQYLURQPHQW YDULDEOHV %\ IRUFLQJ HDFK LQVWUXFWLRQ VHW LQ D
TXHXH DQG H[HFXWLQJ WKHP VXFFHVVLYHO\ WKH XWLOL]DWLRQ RI WKH
UHVRXUFHV LVRSWLPDO7KH LQVWUXPHQWV DUHQHYHU LGOH7KHUH LV
QRVFRSHRILQWHUQDORIH[WHUQDOIUDJPHQWDWLRQRIWLPH%XWLWLV
LQDSSOLFDEOHIRUH[SHULPHQWVWKDWDUHIDVWDQGLQWHUDFWLYH
C. Other Methods 
6HYHUDO DWWHPSWV KDYH EHHQ PDGH WR FRPELQH WKH WZR
PHWKRGV WR H[SORLW WKH DGYDQWDJHV RI HDFK DQG RYHUFRPH WKH
GLVDGYDQWDJHV,Q>@DPHFKDQLVPWKDWLVDGDSWLYHDQGFDQEH
XVHGWRRSWLPL]HWKHXVDJHRILQVWUXPHQWVGHSHQGLQJXSRQWKH
QXPEHU RI XVHUV WR EH VXSSRUWHG DQG WKH QDWXUH RI DQG WLPH
WDNHQIRUWKHH[SHULPHQWLVSUHVHQWHG%\VHWWLQJWKHSDUDPHWHUV
RIWLPHVORWOHQJWKDQGQXPEHURIXVHUVLQLWWKLVPHWKRGFDQEH
XVHGIRUDOPRVWDOONLQGVRIH[SHULPHQW
7KH YLDELOLW\ RI 5$/ WR VXSSRUW ODERUDWRU\ UHODWHG
H[SHULHQFHV LQ 0DVVLYHO\ 2SHQ 2QOLQH &RXUVHV 022&V
KDYHEHHQGLVFXVVHG LQ >@7KHSDUDPHWHUV IRUGHWHUPLQLQJ
VFDODELOLW\ZHUHVWXGHQWQXPEHUVODERUDWRU\DFWLYLW\GXUDWLRQ
DYHUDJHODERUDWRU\VHVVLRQVSHUVWXGHQWDQGWKHXVDJHZLQGRZ
RIDQH[SHULPHQWLQDGD\:KLOHWKHVHSDUDPHWHUVDUHUHOHYDQW
IRU022& EDVHG ODERUDWRU\ V\VWHPV WKH\ GR QRW SURYLGH D
VROXWLRQ WR WKH RSHUDWLRQDO PDQDJHPHQW RI GLVWULEXWHG 33
ODERUDWRULHV EDVHG RQ WKH VWXGHQWV LPPHGLDWH OHDUQLQJ
UHTXLUHPHQWVRULQWHUHVWV
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,Q D '5$/, XVHUV DUH W\SLFDOO\ XQDEOH WR VWDUW DQ
H[SHULPHQW VHVVLRQ DW DQ\ UDQGRP WLPH DV WKH WKH OLPLWHG
FDSDELOLWLHV WLPH DQG UHVRXFH FRQVWUDLQWV  RI WKH SURYLGHUV
PXVW DOVR  EH WDNHQ LQWR DFFRXQW. 7KH VHUYHU VLGH IOH[LELOLW\
DQG XQSUHGLFWDEOH DYDLOLELOLW\ UHVXOWV LQ VFDUFHU H[SHULPHQW
DYDLOLELOLW\ ZKHUH PDQDJHPHQW RI DVVLJQLQJ H[SHULPHQWV WR
XVHUVPXVWEHIXUWKHURSWLPL]HG
,,, 68,7$%/(7,0(6&+('8/,1*)2567(05$/
5HFHQWO\ WKHUH KDYH EHHQ DWWHPSWV WR LQWHJUDWH 5$/ LQ
Science, Technology, Engineering and Maths (STEM) 
HGXFDWLRQ >@ 7KLV VHFWLRQ GLVFXVVHV VSHFLILF
FKDUDFWHULVWLFVRI5$/H[SHULPHQWWKDWDUHXVHGLQWKHFRQWHFW
RI67(0HGXFDWLRQDQGVXLWDEOHVFKHGXOLQJVWUDWHJLHV
A. Suitabile method for DRAL for STEM 
67(0EDVHGGLVWULEXWHG5$/IRFXVHVRQ WKHH[SHULPHQWV
WKDWDUHFRPSOHWHGLQWKH.HGXFDWLRQVHFWRULQWKHILHOGVRI
VFLHQFHDQGWHFKQRORJ\67(0H[SHULPHQWVKDYHDQXPEHURI
XQLTXH FKDUDFWHULVWLFV FRPSDUHG WR W\SLFDO 5$/V XVHG E\
WHUWLDU\XQGHUJUDGXDWHVWXGHQWV
([SHULPHQWV DUH W\SLFDOO\ FRPSRVHG RI DFWXDWRUV DQG
VHQVRUV WKDW KDYH YLVLEOH ORFRPRWLRQ DV RSSRVHG WR DQ\
LQWHJUDWHG PHDVXUHPHQW V\VWHP 7KH 67(0 5$/ DLPV WR
GHYHORS WKH VWXGHQWV¶ EDVLF FRQFHSWV RI VFLHQFH DQG
WHFKQRORJ\ E\ UHODWLQJ RU UHSUHVHQWLQJ WKHP WR UHDOZRUOG
REMHFWV LH YLVLEOH RU DXGLEOH SKHQRPHQRQ 7KH 5$/ IRU
XQGHUJUDGXDWHH[SHULPHQWVRQWKHRWKHUKDQGPD\UHO\RQUDZ
PHDVXUHPHQW GDWD LQ WH[W IRUP IURP D VHWXS WKDW GRHV QRW
FKDQJHRYHUWKHH[SHULPHQWGXUDWLRQ
7KHWLPHUHVHUYDWLRQPRGHLVPRVWVXLWDEOHIRU WKH67(0
EDVHG ODERUDWRU\EHFDXVHPRVW67(0EDVHG H[SHULPHQWV DUH
KLJKO\LQWHUDFWLYH6WXGHQWVUHTXLUHDFXWHXQGHUVWDQGLQJRIWKH
H[SHULPHQW UXQQLQJ E\ YLHZLQJ RU KHDULQJ WKH HYHQWV LQ UHDO
WLPH7KXVVXIILFLHQWWLPHPXVWEHDOORFDWHGWRHDFKVHVVLRQ
$OWKRXJK WKHUH DUH H[SHULPHQWV WKDW DUH VXLWH D TXHXLQJ
DSSURDFKWKHVHDUHRXWVLGHWKHVFRSHRIWKLVSDSHU
B. The basic principle 
7KH UHJXODU WLPH VFKHGXOLQJ VFKHPH IROORZHG E\ D
FHQWUDOLVHG PHFKDQLVP FDQQRW EH GLUHFWO\ DSSOLHG LQ WKH 33
5$/DV WKHXVHU DUHQRW H[SHFWHG WRSURYLGH[ VHUYLFH$
EDVLF VROXWLRQ WR WKH SUREOHP FDQ EH REWDLQHG E\ VLPSO\
H[WHQGLQJ WKH WLPH VFKHGXOLQJ WR WZR VHWV RI XVHUV 7KLV
DSSURDFKUHTXLUHVWKHIROORZLQJVWHSV
1. +RVWV FUHDWHV WLPH EORFN VXLWDEOH IRU WKHP GXULQJZKLFK
WKHH[SHULPHQWVZLOOEHDYDLODEOH
2. (DFKWLPHEORFNLVWKHQGLYLGHGLQWRVORWVGHSHQGLQJXSRQ
WKH HVWLPDWHG DYHUDJH WLPH IRU FRPSOHWLRQ RI WKH
H[SHULPHQW
3. 7KHXVHUVERRNWKHVORWVZLWKLQWKLV WLPHVORWVDVVXLWDEOH
WRWKHP
7KLVDSSURDFKVXIIHUVIURPWKHIROORZLQJGHILFLHQFLHV
x7KHWLPHIRUZKLFKWKHH[SHULPHQWVZLOOEHWXUQRQOLQHKDVWR
EH PLQLPL]HG %XW ZLWK QR LQIRUPDWLRQ RQ ZKHQ RU KRZ
PDQ\XVHUVZLOOEHXVLQJWKHH[SHULPHQWWKHSURYLGHUVPD\
KDYH WR NHHS WKHLU HTXLSPHQW IRU ORQJ SHULRGV RI WLPH RU
VKRUWLQWHUPLWWHQWSHULRGZLWKRXWDQ\RQHDFWXDOO\XVLQJWKHP
x :KLOH VRPH XVHUV PD\ JHW WKHLU EHVW FKRLFH RI
H[SHULPHQWVRWKHUVPD\JHWRQO\WKHH[SHULPHQWVWKDWDUH
QRW DOORWWHG WR RWKHUV DOWKRXJK WKH\ZDQW VRPHWKLQJ HOVH
7KLVPD\UHVXOWLQLUUHJXODUOHDUQLQJSDWWHUQ
,WUHGXFHVWKHWLPHIRUZKLFKWKHH[SHULPHQWVDUHDYDLODEOH
WR WKH XVHUV ,I XVHUV GR QRW WXUQ XS LQ WKHLU DOORWWHG VORW LW
FUHDWHVDODJLQWLPHIRUDOOXVHUV
,9 7+(5$/(;3(5,0(176$1'86(56
7KHXVHRITXHVWEDVHGOHDUQLQJ>@LQWKHFRQWH[WRI5$/
KDV DQ LPSDFW RQ VFKHGXOLQJ VWUDWHJLHV 'LIIHUHQW W\SHV RI
LQFHQWLYHV>@LQWKHTXHVWEDVHGOHDUQLQJDSSURDFKSURYLGHVIRU
D YDULDEOH XVHU UHTXLUHPHQWV DQG LQWHUHVW LQ H[SHULPHQWV
DYDLODEOH*HQHUDOO\TXHVWVUHODWHGWRWKHXVHUV
ILHOGRILQWHUHVW
RU FRXUVHV ZLOO EH XVHG WR JXLGH WKHP WKURXJK WKH UHOHYDQW
H[SHULPHQWVZLWKLQDVKRUWWLPHSHULRGRIDIHZGD\VLQRUGHUWR
JDLQ H[SHULHQFH SRLQWV DQG EDGJHV ZLWKLQ WKH TXHVW JDPH
V\VWHP 7KHUHIRUH H[SHULPHQW FOXVWHUV UHODWLQJ WR TXHVWV DUH
LPSRUWDQWWRDSDUWLFXODUXVHUIRUWKDWSHULRGRIWLPH
7KHRYHUDOOVDWLVIDFWLRQVFRUHWRIXVHUVLQWKHV\VWHPFDQ
EH GHILQHG DV WKH DYHUDJHRI DOO XVHUV¶ VDWLVIDFWLRQ UHODWLQJ WR
ZKDWH[SHULPHQW WKH\FDQSHUIRUPLQ WKHGXUDWLRQRI WKHQH[W
WLPH SHULRG 7KLV LV EDVHG RQ WKH LPSRUWDQFH RI WKH
TXHVWH[SHULPHQW WKH XVHU SHUIRUPV LQ D SDUWLFXODU SHULRG RI
WLPH ZLWK UHVSHFW WR WKHLU LPPHGLDWH JRDO HJ WR REWDLQ D
EDGJHLQWKHJDPH
A. Why are experiments only available for a limited time? 
7KH GLVWULEXWHG QDWXUH RI'5$/ HQDEOHV XVHUV WR EHFRPH
SURYLGHUV RI UHVRXUFHV %XW LQGLYLGXDO SURYLGHUV FDQQRW
JXDUDQWHHRUEHREOLJHGWRVHUYHHDFKDQGHYHU\XVHUVUHTXHVW
7KH SURYLGHUV RI H[SHULPHQW PD\ ZLVK WR SURYLGH WKH
H[SHULPHQWVRQOLQHSHULRGLFDOO\RQO\DV
x([SHULPHQWV DUH KHDYLO\ GHSHQGHQW RQ YLGHR IHHGEDFN IRU
WKH HQWLUH GXUDWLRQ RI WKH H[SHULPHQWV VHVVLRQ 7KLV YLGHR
IHHGEDFN GHVSLWH WKH EHVW FRPSUHVVLRQ PHFKDQLVPV ZLOO
FRQVXPH D ODUJH DPRXQW RI LQWHUQHW GDWD$SDUW IURP WKDW
WKH ULJV WKHPVHOYHV PD\ FRQVXPH ODUJH DPRXQW RI GDWD
3HULRGLF DYDLODELOLW\ ZLOO HQVXUH ORZHU RU XQLIRUP
FRQVXPSWLRQRIGDWDRYHUFRQVWDQWSHULRGRIWLPHFRPSDUHG
WRDYDLODELOLW\
x([SHULPHQWPD\UHTXLUHYLJLODQFHGXULQJRSHUDWLRQDVWKHVH
DUHSUHSDUHGE\LQGLYLGXDOVDQGFRXOGIDLOGXULQJRSHUDWLRQ
7KXVDOLPLWHGH[SRVXUHRIWKHH[SHULPHQWDOULJZLOOHQVXUH
ORZHU FRVW DQG KLJKHU ORQJHYLW\ RI WKH ULJV 7KH DVVXPSWLRQV
ZLWKUHJDUGVWRXVHUSURYLGHUWLPHVFKHGXOLQJLQWKLVSDSHUDUH
x7KHXVHUVZLOO EH DYDLODEOH IRU DQ\ DFWXDO GXUDWLRQ LQ UHDO
WLPH IRU ZKLFK WKH H[SHULPHQWV DUH RQOLQH 7KLV ZLOO EH
GRQH WKURXJK QHJRWLDWLRQV EHWZHHQ WKH XVHU DQG WKH
SURYLGHU
x7KHSURYLGHU LVDEOH WRNHHS WKHLU ULJVRQOLQHDFFRUGLQJ WR
WKHXVHUGHPDQGVDWDOO UHDVRQDEOH WLPHSHULRGVEXWZRXOG
OLNHWROLPLWWKHDFWXDOWLPHGXHWRUHDVRQVVSHFLILHGHDUOLHU
B. Input Parameters 
)ROORZLQJDUHWKHLQSXWVUHTXLUHGE\WKHV\VWHPLQRUGHUWR
SHUIRUPWKHDVVLJQPHQWRIWLPHVORWVWRWKHXVHUV
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1. Total Time Period,QWKH5$/V\VWHPSURYLGHUVZLOONHHS
WKHLU ULJV RQOLQH IRU D SDUWLFXODU SHULRG RI WLPH ZLWKLQ D
ODUJHUZLQGRZRI WLPH)RU H[DPSOH KRXUV HYHU\ZHHN
ZKHUHDZHHNLVWKHWLPHSHULRGTDQGKRXUVLVWKHYDOXH
IRUde
2. The total number of experiments available n7KLV LV WKH
WRWDORIGLIIHUHQWH[SHULPHQWV WKDWDUHDYDLODEOH LQ WKHQH[W
WLPH SHULRG (DFK H[SHULPHQW ZLOO KDYH D GXUDWLRQ IRU
ZKLFK WKH H[SHULPHQW ZLOO EH DYDLODEOH RQOLQH de LQ 7 DV
IL[HGE\WKHXVHU
3. User Preference 7R LQFUHDVH WKH HIILFLHQF\ RI WKH
DVVLJQPHQWVEHWZHHQWKHXVHUVDQGSURYLGHUVWKHXVHUVDUH
DVNHG DERXW WKH SUHIHUUHG H[SHULPHQWV (DFK XVHU UDWHV n
QXPEHU RI H[SHULPHQWV DFFRUGLQJ WR SUHIHUHQFH WKDW WKH\
ZRXOG WLPH WR GR LQ WKH QH[W T (DFK XVHU LV KRZHYHU
DOORZHGWRGRRQO\RQHDPRQJWKHVHH[SHULPHQWV7KHWRWDO
QXPEHURIXVHUVLVU
C. Cost and Choice values of User-Experiment relation  
2QFH WKH XVHUV VHOHFW WKH H[SHULPHQW WKHUH DUH U × n 
QXPEHU RI UHODWLRQV IRUPHG EHWZHHQ HDFK XVHU DQG WKH
H[SHULPHQWV:KLOVWFDOFXODWLQJWKHDVVLJQPHQWVXVLQJWKH7$3
VROXWLRQ WKHFRVWYDOXHVc(u, e) IRUXVHUuDQGH[SHULPHQWe LV
XVHG DQG ZKLOH FDOFXODWLQJ WKH VDWLVIDFWLRQ VFRUH : WKH
RULJLQDO FKRLFH RU SULRULW\ YDOXHV DV FRQVLGHUHG $ choice RU
priorityYDOXHi(u, e)IRUDQH[SHULPHQWeLVWKHXVHUV¶HQWU\WR
WKHV\VWHPZKHQWKH\FKRRVHWKHSULRULW\RIWKHH[SHULPHQWVLQ
RUGHU     Q ZKHUH D ORZHU QXPEHU LQGLFDWHV KLJKHU
SUHIHUHQFH 7KH cost c(u, e) LV WKHQ EDVHG XSRQ WKH SULRULW\
GHSHQGLQJXSRQWKHXVHUV¶FRQGLWLRQLQWKHV\VWHPFRPSDUHGWR
RWKHUV 7KH XVHUH[SHULPHQW UHODWLRQVKLS PD\ EH YDOXHG DV
IROORZV
1. Polynomial7KHFRVWVPD\EHDVVLJQHG LQTXDGUDWLFRU
IROORZLQJDSRO\QRPLDOIXQFWLRQIRUHJ
c(u, ei) = f(i(u, e))  « 
ZKHUH i(u, e) LV WKH SULRULW\ YDOXH RI WKH FKRLFH YDOXH WKDW
XOWLPDWHO\GHWHUPLQHV WKHYDOXHRI WKHFRVWc(u, e) i(u, e) LVD
VXEVHWRIWKHQDWXUDOQXPEHUVQ
7KLV JLYHV GLIIHUHQW OHYHOV RI SULRULW\ WR XVHUH[SHULPHQW
UHODWLRQV DQG PDNHV LPSRUWDQW H[SHULPHQWV PRUH LPSRUWDQW
WKDQWKHRWKHUVFRPSDUHGWRWKHOLQHDUDSSURDFK7KHVHPD\EH
UHODWHGWRRWKHUIDFWRUVUHODWLQJWRDVVLJQPHQWVLQWKHSUHYLRXV
URXQGV )RU HJ LI VRPH XVHU LV XQDVVLJQHG LQ WKH SUHYLRXV
URXQG GXH WR XQDYDLODELOLW\ RWKHUV¶ FRVWV PD\ EH LQFUHDVHG
FRPSDUHGWRWKHPVRWKDWZKLOHPLQLPL]LQJWKLVSDUWLFXODUXVHU
JHWVDEHWWHUFKDQFHRIJHWWLQJWKHVDWLVIDFWRU\DOORFDWLRQ7KHVH
ZLOOOHDGWRpolynomialW\SHUHODWLRQV
2. Linear7KHUHODWLRQVKLSVDUHpricedOLQHDUO\LH
c(u, e) = i(u, e)  «
,Q D OLQHDU FDVH QR FRQVLGHUDWLRQ LV JLYHQ WR WKH XVHUV¶
FRQGLWLRQ LQ WKH SULRU DVVLJQPHQWV DQG WKH FRVW YDOXHV IRU
DVVLJQPHQWLVHTXDOWRWKHFXUUHQWSULRULW\RIWKHH[SHULPHQWIRU
WKHXVHU
7KHXVHUH[SHULPHQWUHODWLRQVKLSUHSUHVHQWVWKHLPSRUWDQFH
RIWKHH[SHULPHQWWRWKHXVHUZLWKUHVSHFWWRWKHXVHUV¶JRDOLQ
WKH JDPH EDVHG OHDUQLQJ V\VWHP 7KLV UHODWLRQVKLS PD\ QRW
QHFHVVDULO\EHGHWHUPLQHGE\WKHVWXGHQWVWKHPVHOYHVEXWFRXOG
DFFRXQWIRURWKHUIDFWRUVDVZHOO
9 0$7&+,1*2)86(5$1'3529,'(56
7KLV VHFWLRQ GLVFXVVHV KRZ WKH VFKHGXOLQJ SUREOHP LQ
'5$/FDQEH H[SUHVVHG LQ IRUPRI WKHTerminal Assignment 
ProblemLWVVROXWLRQDQGZD\VWRXVHLWZLWKWKH'5$/
A. Formulating the TAP 
7KH VFKHGXOLQJ SUREOHP FDQ EH GHVFULEHG DV D 7HUPLQDO
DVVLJQPHQWSUREOHPDVIROORZV
 7KHUHDUHXVHUVRUterminalsWKDWDUHWREHDVVLJQHGWRWKH
H[SHULPHQWVHVVLRQV
 (DFKXVHUKDVWKHHTXDOZHLJKWquRIWKDWLVWKHQXPEHU
RIH[SHULPHQWWKH\FDQSHUIRUPLQWKHQH[WWLPHSHULRG
 (DFK H[SHULPHQW KDV DQ DYHUDJHXVDJH WLPH te DVVRFLDWHG
ZLWKLW7KHQXPEHURIWLPHWKHH[SHULPHQWFDQEHGRQHLQ
WKHQH[W WLPHSHULRGT LVREWDLQHGE\XVLQJ WKHSURYLGHUV
DYDLODEOHWLPHdeIRUDQH[SHULPHQWDV
ܽ௘ ൌ 
݀௘
ݐ௘
ǥ ሺ͵ሻ
7KXVWKHUHDUHaeFRSLHVRIWKHH[SHULPHQWeWKDWDUHWREH
DVVLJQHG
 7KH WRWDOQXPEHURIH[SHULPHQWVVHVVLRQV EFRPSULVLQJ
DOO H[SHULPHQWV¶ VHVVLRQV s WKDW FDQ EH SHUIRUPHG LQ WKH
QH[WWLPHSHULRGTLV
ܧ ൌ ෍ ݀௘ݐ௘
௡
௘ୀଵ

7KHWRWDOQXPEHURIXVHUVWKDWPD\EHDFFRPPRGDWHG
U  E
 7KHH[SHULPHQWVRUcontractorDUHWKHRWKHUVHWRIQRGHV
WRZKLFK WKH XVHUV DUH DVVLJQHG WR 7KH FDSDFLW\ RI HDFK
H[SHULPHQWVHVVLRQaeLVYDULDEOH 
 7KHFRVWc (u, e)EHWZHHQHDFKXVHUuDQGDQH[SHULPHQWe
LVWKHEDVHGRQ(TRU(TZKLFKUHSUHVHQWVWKHSUHIHUHQFH
YDOXHVRIWKHH[SHULPHQWVIRUWKHXVHUV
)LJXUHVKRZVDVH[DPSOHRIWKHVFHQDULRZLWKXVHUVDQG
 DFWLYH H[SHULPHQWV ZKHUH ae LV WKH QXPEHU RI H[SHULPHQW
VHVVLRQWKDWPD\EHUXQLQWKHQH[WWLPHDYDLODEOHSHULRG,QD
VDPSOHDQDO\VLV IRUH[SHULPHQW OHW WKLVYDOXHEHDQGIRU
H[SHULPHQW WKHYDOXH LV DQG IRU H[SHULPHQW LW LV7KH
XVHUVX WRXKDYHDOO UHTXHVWHG WKHH[SHULPHQWVZLWK WKHLU
SUHIHUUHGFKRLFHV8VHUVXDQGXKDYHFKRVHQH[SHULPHQWDV
WKHLUILUVWFKRLFHXDQGXKDYHFKRVHQH[SHULPHQWDV WKHLU
ILUVWFKRLFHZKLOHXVHUVXXDQGXKDVFKRVHQH[SHULPHQW
DVILUVWFKRLFH&OHDUO\QRWDOORIWKHPFDQEHDVVLJQHGWRWKHLU
ILUVWFKRLFHH[SHULPHQWVLQWKHQH[WWLPHSHULRG7
6ROYLQJ WKLV WHUPLQDO DVVLJQPHQW SUREOHP ZLOO DVVLJQ WKH
XVHUZLWKWKHORZHVWHGJHYDOXHVLH WKHKLJKHVWSUHIHUHQFHRU
ORZHVWSRVVLEOHFKRLFHYDOXHVIRUHDFKXVHUVVXFKWKDWWKH
ܲ ൌ ൭݉݅݊ ෍ ܿሺݑǡ ݏሻ
௨א௎ǡ௦אா
൱
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DQGWKHVDWLVIDFWLRQVFRUH:LV WKHQREWDLQHGDVGLYLGLQJ
WKHVXPRIDOODVVLJQPHQWVFKRLFHYDOXHV3E\WKHQXPEHURI
XVHUV_8_
ܹ ൌ ܲ  ȁܷȁΤ ǥ ሺͶሻ
7KHVROXWLRQWRWKH7$3ZLOOPDNHVXUHWKDWHYHU\XVHUJHWV
WKHLU PRVW SUHIHUUHG FKRLFH DV SRVVLEOH PDLQWDLQLQJ DQ
RSWLPL]HG VDWLVIDFWLRQ OHYHO 2QH RSWLPDO VROXWLRQ WR WKH
H[DPSOHLQILJLV{u1, u2, u5} ĺ e1, {u3, u4, u6} ĺ e3 and {u7} 
ĺ e27KH OHVVHUFKRLFHV IRUXDQGX LVEHFDXVH WKH\DORQJ
ZLWKXRSWHG IRU HZKLFK LV DYDLODEOH IRURQO\RQH WLPH VORW
GXULQJWKHQH[W7
7KH 7$3 LQ JHQHUDO WHUPV IRU YDULDEOH UHTXLUHPHQWV
ZHLJKWV RI WKH terminals DQG WKH YDULDEOH FDSDFLWLHV RI
concentratorsDUHNP-HardSUREOHPV+RZHYHUIRU7$3ZLWK
HTXDO ZHLJKWV qu IRU DOO terminals DV LQ WKLV FDVH WKH
DXJPHQWLQJ SDWK DOJRULWKP FDQ VROYH WKH SUREOHP LQ
SRO\QRPLDOWLPHDQSURYLGHDFRUUHFWVROXWLRQ>@7KH7$3
VROXWLRQ LPSOHPHQWHG LV EDVHG RQ WKH DOJRULWKP GHVFULEHG LQ
>@,WVSOLWVWKHFRQFHQWUDWRUVRUHDFKH[SHULPHQWVVHVVLRQLQWR
LQGLYLGXDO QRGHV ZLWK FDSDFLW\ HTXDO WR  7KH GHWDLOHG
GLVFXVVLRQV RQ WKHalternating chain DOJRULWKP DUH RXW RI WKH
VFRSHRIWKLVSDSHU
B. Using the Predictor Model in DRAL 
,Q'5$/WKHJOREDOPDQDJHPHQWVHUYHURUWKHGLVWULEXWHG
33 5/06 LV UHVSRQVLEOH IRU H[HFXWLQJ WKH DVVLJQPHQW
DOJRULWKP7KHGXUDWLRQRIDWLPHSHULRG7LVWDNHQDVDZHHN
RUFRQVHFXWLYHGD\V7KHVFKHGXOLQJLVGRQHLQWKHIROORZWKH
VWHSV
1. 7KHSURYLGHUHQWHUVWKHdeIRUWKHH[SHULPHQWLQWKH'5$/
V\VWHP
2. 8VLQJHTXDWLRQWKHYDOXHIRUaePD\EHREWDLQHGDVSHUW
SURYLGHUVZLVKHVDQGWKHYDOXHIRUteRIWKHLUH[SHULPHQW
3. 7KH SURYLGHU DOVR LQSXWV FHUWDLQ OHQJWKV RI WLPH IRU WKH
DYDLODELOLW\RIWKHH[SHULPHQWLQWKHZHHN
4. ,IDSURYLGHUGRHVQRWZLVKWRNHHSWKHLUH[SHULPHQWRQOLQH
DW DOO WKHQ WKH YDOXH de LV PDUNHG  7KH OLVW RI
H[SHULPHQWVSURYLGHGWRXVHUVLVWKHH[SHULPHQWVZLWKQRQ
]HURdeYDOXHV
5. 7KHXVHUV WKHQDVVLJQ WKHSULRULW\RUFKRLFHYDOXHV i(u, e)
IURPQIRUWKHDYDLODEOHH[SHULPHQWV
6. $IWHU WKLV WKH '5$/ V\VWHP GRHV WKH DVVLJQPHQW
SURFHGXUHDQGLQIRUPV WKHXVHUDERXW WKHH[SHULPHQW WKDW
KDVEHHQDVVLJQHG
7. 7KHXVHUVWKHQERRNDWLPHVORWIURPWKHSURYLGHUVOLVW
$VSHFLILFIXQFWLRQIRUGHWHUPLQLQJWKHDFWXDOFRVWRIHDFK
XVHUH[SHULPHQW UHODWLRQ c(u, e)t IRU D JLYHQ WLPH SHULRG t LV
GHSOR\HG IRU DQ LPSOHPHQWDWLRQ WR EDODQFH WKH XVHUV
VDWLVIDFWLRQVHH(T7KLVIXQFWLRQKRZHYHUPD\YDU\IURP
V\VWHPWRV\VWHPGHSHQGLQJXSRQKRZWKHXVHUVDUHUHODWHGWR
WKHLUH[SHULPHQW9HU\LPSRUWDQWXVHUH[SHULPHQWUHODWLRQVIRU
HJDQH[SHULPHQWWKDWPXVWEHGRQHE\DXVHULQWKHQH[W7LPH
SHULRG PD\ EH SUHVFKHGXOHG EHIRUH VWDUWLQJ WR DVVLJQ WKH
H[SHULPHQWV
9, ,03/(0(17$7,21$1'6,08/$7,21
A. Test Settings 
$VVXPLQJWKDWDULJPD\EHFUHDWHGE\DJURXSRIXSWR
VWXGHQWV OHW XV FRQVLGHU WKHUH DUH  H[SHULPHQWV 7KH 
H[SHULPHQWV DUH WR EH NHSW RQOLQH DW GLIIHUHQW UDWHV ae
GHSHQGLQJ XSRQ WKH DYDLODELOLW\ DQG IHDVLELOLW\ RI WKH KRVWLQJ
VLWHV7KHaeLVJHQHUDWHGDVDUDQGRPQXPEHUEHWZHHQDQG
7KHQXPEHURIXVHUVLVFRQVLGHUHGHTXDOWRWKHWRWDOQXPEHURI
H[SHULPHQW VHVVLRQV U = E DYDLODEOH $V GLVFXVVHG HDUOLHU
SURYLGHUV RI DQ H[SHULPHQW DUH QRW REOLJHG WR DFFRPPRGDWH
HYHU\ XVHU WKDW PD\ EH LQ WKH V\VWHP %XW LI SURYLGHUV DUH
DZDUHRIWKHQXPEHURIXVHUVLQWKHV\VWHPWKH\ZLOONHHSWKH
YDOXHVRIde DFFRUGLQJO\VRWKDW8(DOZD\V7KHZRUVWFDVH
VFHQDULRRIU = ELVFRQVLGHUHGKHUH
,WPD\EH DVVXPHG WKDW WKHVH VWXGHQWV EHORQJ WR D FHUWDLQ
FRKRUW VD\ WK VWDQGDUG VWXGHQWV IURP  VFKRROV (DFK RI
WKHVHXVHUVDUHDOVRSDUWRIDVPDOOJURXSRISHHUVWKDWFUHDWHVDW
OHDVWRQHRI WKHULJVDQGKRVWV LW(DFKVWXGHQWZLOO UXQDOO
WKH  H[SHULPHQWV SHUVRQDOO\ DV SDUW RI WKHLU TXHVWV LQ WKH
JDPH GXULQJ D \HDU 7KH 5$/ V\VWHP QRZ PXVW DVVLJQ WKH
XVHUV RU VWXGHQWV ZLWK WKH H[SHULPHQW RI WKHLU EHVW FKRLFH
&KRLFHVIRUDQ\H[SHULPHQWIRUDQ\XVHUZLOOEHGHSHQGHGRQ
WKHLUUHTXLUHPHQWVUHJDUGLQJWKHclass workRUWKHLUPRWLYDWLRQ
LQVHOHFWLQJTXHVWVUHODWHGWRWKHLUILHOGRILQWHUHVWDOORIZKLFK
DUHYDULDEOHZLWKWLPH
)LJ$Q([DPSOH6FHQDULR

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7LPHSHULRG7LVFRQVLGHUHGWREHDZHHN+HQFHDWOHDVW
ZHHNVZLOOEHUHTXLUHGIRUDOOVWXGHQWVWRFRPSOHWHHDFKRI
WKH H[SHULPHQW LI DOO XVHUV FKRRVH XQLTXH H[SHULPHQWV HDFK
ZHHN DV WKHLU ILUVW FKRLFH )RU HDFK XVHU D UDQGRP SULRULW\
YDOXHV LV JHQHUDWHG IRU HDFK ZHHN LQ WKH VLPXODWLRQ 7KH
H[SHULPHQWV WKDW KDYH DOUHDG\EHHQGRQH DUHQRW H[SHFWHG WR
EHGRQHDJDLQ7KXVWKHVHH[SHULPHQWVKDYHQRSULRULW\DWDOO
7KHSULRULW\RUFKRLFHi(u, e)RIHDFKXVHUDOZD\VVWDUWVZLWK
WKH YDOXH RI DQG WKHQ YDU\ DFFRUGLQJ WR WKH QXPEHU RI
H[SHULPHQWVWKDWKDVEHHQFRPSOHWHG7KHXVHU¶VFRVWIRUDQ\
H[SHULPHQWeLQIRUWKHWLPHSHULRG7LVJLYHQE\
ܿሺݑǡ ݁ሻ௧ ൌ ሺ݅ሺݑǡ ݁ሻሻଵା௬  «
IRU
ݕ ൌ ܥ݋݉݌݈݁ݐ݁݀ܧݔ݌݁ݎ݅݉݁݊ݐݏሺݑሻ௧ 
െ 
௫אሺ௎ି஽೟ሻ
ሼܥ݋݉݌݈݁ݐ݁݀ܧݔ݌݁ݎ݅݉݁݊ݐݏሺݔሻ௧ሽ
ZKHUH i(u, e) LV WKHSULRULW\RI WKHH[SHULPHQWDVVLJQHG WR
WKHXVHUuLQZHHNjCompletedExperiment(u)tLVWKHQXPEHURI
H[SHULPHQWVWKDWKDYHEHHQFRPSOHWHGE\XVHUuE\ZHHNtDt
LVDVHWRIXVHUVZKRKDYHFRPSOHWHGDOOH[SHULPHQWVE\ZHHNt
1RWH WKDW IURP(TDQG(T WKHFKRLFHRUSULRULW\ i(u, e)
PXVW EH PLQLPL]HG DQG WKH ORZHU WKH YDOXH RI FKRLFH WKH
KLJKHUWKHDFWXDOSULRULW\RIWKHH[SHULPHQWIRUWKHXVHU
7KLVHQVXUHVWKDWLIDXVHULVXQDVVLJQHGIRUDZHHNWKHQDOO
RWKHU XVHUV
 FRVWV DUH LQFUHDVHG WR JLYH WKH XQDVVLJQHG XVHU D
IDLU FKDQFH LQ WKH QH[W ZHHN 7KH FRVWV DVVRFLDWHG ZLWK WKH
XVHUH[SHULPHQW UHODWLRQVKLS LV WKXV GHSHQGHQW RQ WKH
VDWLVIDFWLRQ VFRUH W LQ SUHYLRXV URXQGV RI H[SHULPHQWV
DVVLJQPHQWV7KHXVHUDUUD\LVUDQGRPO\FKDQJHGLQWKHV\VWHP
WR VLPXODWH WKH GLIIHUHQW RUGHUV WKH XVHUVPD\ FRPH LQ WR WKH
V\VWHP
7KH VLPXODWLRQ PHDVXUHV WKH VDWLVIDFWLRQ VFRUH IRU HDFK
ZHHNZKLFKPXVW EH ORZ WR HQVXUH JRG DVVLJQPHQWV DQG WKH
WLPHWDNHQIRUFRPSOHWLQJH[SHULPHQWV:KLOHFDOFXODWLQJ:LI
DQXVHULVXQDVVLJQHGLQZHHNjWKHi(u)jLVDVVXPHGWREHHTXDO
WRQ WRLQGLFDWHWRWDOGLVVDWLVIDFWLRQ7KXVWKHVDWLVIDFWLRQ
VFRUHIRUDVVLJQHGXVHUVLQZHHNtLV
஺ܹ
௧ ൌ ൭෍ ݅ሺܽሻ௧
௔א஺
൱ ȁܣȁ൘ ǥ ሺ͸ሻ
ZKHUHi(u)tLVWKHFKRLFHYDOXHRIWKHH[SHULPHQWDVVLJQHGWR
XVHUXIRUZHHNtDQGALVDVHWRIDFWLYHXVHUVZKRKDYHEHHQ
DVVLJQHGWRDQH[SHULPHQWLQZHHNtDQG7KXVWKHVDWLVIDFWLRQ
VFRUHIRUDOOLQFRPSOHWHXVHUV(S = U - DtLQZHHNt LV
ௌܹ
௧ ൌ ൭෍ ݅ሺܽሻ௧
௔אௌ
൱ ȁܵȁ൘ ǥ ሺ͹ሻ
)RUFDOFXODWLQJ:WKHRULJLQDOFKRLFHQXPEHUi(u)tLVXVHG
LQVWHDG RI WKHPRGLILHG FRVW RI XVHUH[SHULPHQWV UHODWLRQVKLS
FX
B. Results 
)LJVKRZVWKHUHVXOWVZKHUHU = E = )LJVKRZV
WKHae DVVLJQHGWRHDFKRIWKHH[SHULPHQWV1RWHWKDWWKH
H[SHULPHQWVZLWKae  KDYHWREHGRQHIRUDWOHDVWZHHNV
EHFDXVHZLWKWKHFXUUHQWV\VWHPRQO\WZRXVHUVFDQXVHWKHPLQ
DZHHN
7KH DOORFDWLRQ RI H[SHULPHQWV LV GRQH EDVHG RQ WKH XVHU
FKRLFHV )RU DOO XVHUV WKH QXPEHU RI ZHHNV WDNHQ IRU
FRPSOHWLQJ  H[SHULPHQWV LV EHWZHHQ  WR  ZHHNV DV
VKRZQ LQ )LJ  ZLWK D PHDQ RI  ZHHNV DQG D VWDQGDUG
GHYLDWLRQRIZHHNV
)LJ  DQG  VKRZV WKH VLPXODWHG SHUIRUPDQFH RI WKH
VFKHGXOLQJ VFKHPH 7KH REVHUYDWLRQV FDQ EH VXPPDULVHG DV
IROORZV
x 7KHQXPEHURIDFWLYHXVHUV LH WKHXVHUVZKLFKKDYHEHHQ
DVVLJQHGWRDW OHDVWRQHH[SHULPHQW LQ WKHQH[WZHHNVWDUWV
ZLWKDQGUHPDLQVVRIRUWKHILUVWIHZZHHNVDIWHUZKLFK
WKH\VWDUWWRIDOODVH[SHULPHQWVWKDWDUHDYDLODEOHIRUPRUH
VORWV DUH DOUHDG\ GRQH E\ WKH XVHUV DQG WKH VFDUFHU
H[SHULPHQWV UHVRXUFHV DUH QRZ DVVLJQHG DV PXFK DV
SRVVLEOH
x /LNHZLVHWKH6DWLVIDFWLRQVFRUHWAIRUDFWLYHXVHUVLVYHU\
ORZIRUDOOZHHNVZKLFKLQGLFDWHVJRRGDVVLJQPHQWV
7KHWSFRQVLGHULQJDOOXVHUVOHIWU - DtZLWKDtQXPEHU
RIXVHUVKDYLQJFRPSOHWHGDOOWKHH[SHULPHQWVLVVLPLODUWR
WA IRU WKH ILUVW IHZ ZHHNV DIWHU ZKLFK LW LQFUHDVHV $V
H[SHULPHQWV VWDUW EHFRPLQJ VFDUFHU WKH DOJRULWKP PDNHV
FRPSURPLVHV IRU HYHU\ DVVLJQPHQW LQ WKH VPDOOHVW DPRXQW
VRWKDWQRRQHLVGLVDGYDQWDJHG$VWKHUHDUHPRUHFODVKHV
RIFKRLFHVEHWZHHQWKHXVHUVDIWHUWKHLQLWLDOSHULRGVPDQ\
XVHUV DUH XQDVVLJQHG IRU WKH IROORZLQJ ZHHNV ODUJHO\
LQFUHDVLQJWKHYDOXHVRI:6
x 7KH QXPEHU RI XVHUV FRPSOHWLQJ DOO H[SHULPHQWV E\ DQ\
JLYHQZHHNLQFUHDVHVVLQFHZHHN
x $IWHU ZHHN  WKH DYDLODELOLW\ RI UHTXLUHG RU DFWLYH
H[SHULPHQWVGURSVGUDVWLFDOO\DVVKRZQLQ)LJ7KHXVHUV
ZKRVWLOOQHHGWRGRH[SHULPHQWVGHFOLQHVDIWHUZHHNEXW
WKH QXPEHU RI DFWLYH H[SHULPHQWV GURSV HDUOLHU FDXVLQJ D
ODUJH QXPEHU RI XVHUV UHPDLQLQJ XQDVVLJQHG IRU WKH ODWHU
ZHHNV!7KHQXPEHURIXQDVVLJQHGXVHUVDJDLQGURSV
ZKHQH[SHULPHQWVEHFRPHPRUHDYDLODEOHFRPSDUHGWRWKH
QXPEHURIXVHUVOHIW
)LJ7KHaeVHWIRUHDFKH[SHULPHQW
)LJ7KHFRPSOHWLRQWLPHRIDOOXVHUV
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x 1RXVHULVDVVLJQHGWKHVDPHH[SHULPHQWPRUHWKDQRQFH
C. Future Work 
7KLV SDSHU SURSRVHV EDVLFV H[WHQVLRQ WR WKH VLQJOH XVHU
VHUYLFH RULHQWHG WLPHUHVHUYDWLRQ VFKHGXOLQJ ZLGHO\ VXHG LQ
5$/ WR D G\QDPLF GXDO XVHU YHUVLRQ VXLWDEOH IRU '5$/
)ROORZLQJDUHVRPHRIWKHZD\VLWFDQEHHQKDQFHG
1. 7KHDFWXDO WLPHIUDPHVDWZKLFKWKHXVHUVZLOODFFHVV WKH
H[SHULPHQWV DUH QRW WDNHQ LQWR DFFRXQW LQ WKH FXUUHQW
FRQWH[W ,WZLOOEHKHOSIXO LIXVHUVFRXOGEHPDWFKHGZLWK
H[SHULPHQWVNHHSLQJLQYLHZZKHWKHUWKH\FDQEHSUHVHQW
IRU WKH H[SHULPHQWV SURYLGHG SURYLGHUV DQG XVHUV FDQ
FRQQHFWRQO\IRUDIL[HGSHULRGRIWLPHZLWKLQ7
2. 7KH LPSRUWDQFH RI WKH XVHUH[SHULPHQW UHODWLRQ LV JLYHQ
IRU WKHLURZQSUHIHUHQFHDQGDQ\VXEVHTXHQWFRPSURPLVH
LQ DVVLJQPHQW WKDW LV PDGH E\ DVVLJQLQJ ORZHU YDOXH
H[SHULPHQW WR VRPH XVHUV ,Q D TXHVW EDVHG RU G\QDPLF
'5$/ WKDW HPSOR\V KLHUDUFKLFDO UHODWLRQV EHWZHHQ
H[SHULPHQWV WKH FRVWV RI XVHUH[SHULPHQW UHODWLRQ FRXOG
YDU\ )RU HJ DQ H[SHULPHQW PD\ KDYH D VHULHV RI SUH
UHTXLVLWHH[SHULPHQWVZKLFKKDVWREHFRPSOHWHGEHIRUHLW
,Q VXFK D FDVH WKH XVHUV KDYH ODUJHU LPSRUWDQFH LQ
FRPSOHWLQJ D WDVN WKDW LV D PXVW IRU SURFHHGLQJ IXUWKHU
H[SHULPHQWVPDNLQJ LW SRVVLEOH WR SUHGLFW WKH QXPEHU RI
XVHUVLQWHUHVWHGLQDJLYHQH[SHULPHQW
&21&/86,216
7KHSDSHUGLVFXVVHGWKHVFKHGXOLQJSUREOHPLQWKHUHPRWH
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From:  TALE 2014 Conference Secretariat (tale-conference@conftool.net)
Sent: 22 October 2014 14:57PM
To: anandamaiti@live.com
Cc: anandamaiti@live.com; kist@ieee.org; andrew.maxwell@usq.edu.au
Dear Ananda Maiti,
Thank you very much once again for submitting a paper to the 2014 IEEE
International Conference on Teaching, Assessment and Learning for Engineering
(TALE). On behalf of the TALE 2014 Program Committee, we are pleased to inform
you that your submission has been accepted for presentation at the conference,
subject to the reviewers' feedback being satisfactorily addressed. The review
results are appended at the end of this email.
Please begin making revisions to your paper in light of the reviewers’
feedback. The final version of your paper must be uploaded to the conftool
system (https://www.conftool.net/tale-conference/) no later than October 31,
23:59 NZST (UTC+12, displayed here:
https://www.conftool.net/tale-conference/). At least one author must also
register for the conference on or before this date in order for the paper to
be included in the conference program and published in the conference
proceedings and in IEEE Xplore.
When preparing your final paper, it is imperative that you consult the Style
Guide on the conference website
(http://tale-conference.org/tale2014/papers.php). Of particular importance is
that you pay attention to the following; failure to do so may result in your
paper being excluded from the proceedings and from IEEE Xplore:
1. You MUST prepare your final paper using the MS-Word paper template
provided. Use of any other IEEE templates (including IEEE’s LaTeX template)
is not acceptable as there are subtle differences between those templates and
the conference template that will affect the consistency in appearance of
papers published in the proceedings.
2. The page limits must be strictly adhered to (Regular Papers should be
between 4 and 6 pages in length).
3. The abstract must be no longer than 100 words.
4. Page headers and footers must not include any information whatsoever (no
page numbers, etc). They must be completely EMPTY.
5. Page margins must be set to the following dimensions: Top = 1.9 cm, Bottom:
4.29 cm, Left: 1.29 cm, Right: 1.29 cm.
6. Paper size must be A4, not Letter or anything else
7. You are required to upload both MS-Word and PDF versions of your final
paper to the conftool system. To reiterate, the Word template available on the
conference website must be used; the PDF version of your paper should be
generated from the Word version. “Reverse engineering” of the Word version
from the PDF version is not acceptable.
8. When submitting the final paper, your must ensure you complete the
electronic copyright form. This will be part of the process you complete on
the conference website when you submit the paper.
Finally, please note that we take the integrity of papers very seriously. All
final papers will be subjected to automated checking using the CrossCheck
tool, and any cases of suspected plagiarism (including self-plagiarism) will
be reported to IEEE. Authors whose papers are found to have been plagiarised
will have their papers removed from the conference program and proceedings. By
submitting your final paper via conftool you warrant that it is original and
that it is your own work, and that it has not been published nor is it under
consideration for publication elsewhere, whether in part or in whole.
Congratulations on the acceptance of your paper! Should you have any
additional questions, please feel free to contact us. We look forward to
seeing you in New Zealand in December.
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Yours sincerely,
Henry Chan
Ford Lumban Gaol
TALE 2014 Technical Program Co-Chairs
Dale Carnegie
TALE 2014 General Chair
Craig Watterson
TALE 2014 General Co-Chair
Russ Meier
Steering Committee Chair
CONTRIBUTION DETAILS
--------------------
ID: 54
Title: Time Scheduling in a Peer-to-Peer Remote Access Laboratory for STEM
Education
REVIEW RESULT OF THE PROGRAM COMMITTEE:
This contribution has been accepted.
OVERVIEW OF REVIEWS
-------------------
Review 1
========
Contribution of the submission
------------------------------
The paper describes a new and sophisticated scheduling method for granting
students access to limited online resouces for practicing/performing
experiments in virtual labs.In contrast to simple and widely used approaches
the needs of the students are taken into account leading to better results
compared to simple time slot booking or queueing.
Evaluation of the contribution
------------------------------
Quality of Content (10%): 8
Significance (10%): 10
Originality (10%): 8
Thematic Relevance (10%): 10
Presentation (10%): 8
Overall Recommendation (50%): 9
Total points (out of 10) : 8.9
Comments for the authors
------------------------
The presented approach allows to efficiently use the available resources, can
cope with varying an unpredictable amounts of resources and keeps the student
motivation high by considering their needs. Besides the application for remote
virtual labs I could imagine to extend the ideas to other situations e.g.
outside of education.
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Review 2
========
Contribution of the submission
------------------------------
A new algorithm for organizing access to a virtual lab.
Evaluation of the contribution
------------------------------
Quality of Content (10%): 2
Significance (10%): 4
Originality (10%): 6
Thematic Relevance (10%): 0
Presentation (10%): 8
Overall Recommendation (50%): 2
Total points (out of 10) : 3
Comments for the authors
------------------------
Improved access to a virtual lab does not involve the improvement of teaching
or learning, only solves an organizational problem in particular cases.
-=-=-=-=-=-=-=-=-=-=-
Review 3
========
Contribution of the submission
------------------------------
This paper describes and evaluates a scheduling scheme based on time-slotting
suitable for Distributed Remote Access Laboratories,. which is very
interesting since it tackles with the idea of suitably addressing learning to
its learner.
The idea seems quite new and is very well described. The simulated results
presented are very promising.
Evaluation of the contribution
------------------------------
Quality of Content (10%): 10
Significance (10%): 8
Originality (10%): 6
Thematic Relevance (10%): 10
Presentation (10%): 10
Overall Recommendation (50%): 9
Total points (out of 10) : 8.9
Comments for the authors
------------------------
The paper is very clear and well written. The work described is of major
interest for this conference.
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Review 4
========
Contribution of the submission
------------------------------
This contribution describes the scheduling problem in the remote access
laboratory with a P2P approach where the providers have limited capabilities
for hosting remote experiments. the main contribution is the proposal of a
method based on the solution to terminal assignment problem. In this method
the users allocation is performed considering the user-experiment
relationships.
Evaluation of the contribution
------------------------------
Quality of Content (10%): 6
Significance (10%): 8
Originality (10%): 6
Thematic Relevance (10%): 8
Presentation (10%): 8
Overall Recommendation (50%): 8
Total points (out of 10) : 7.6
Comments for the authors
------------------------
The quality of this contribution is good and I recommend its acceptance. The
contribution would be excellent if it included results on real cases of use
and not just simulated.
Just a suggestion to change; the STEM acronym for first time on page 1
(Section I), but its meaning is explained on page 3 (Section III).
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Review 5
========
Contribution of the submission
------------------------------
The contribution addresses the scheduling problem in remote access labs by
means of flexible shared experiments between users. In comparison to other
methodologies, such as time slotting, the proposed queuing allows users with
P2P limited resources to perform the experiments in an optimal way.
Evaluation of the contribution
------------------------------
Quality of Content (10%): 8
Significance (10%): 8
Originality (10%): 6
Thematic Relevance (10%): 6
Presentation (10%): 6
Overall Recommendation (50%): 8
Total points (out of 10) : 7.4
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Comments for the authors
------------------------
This paper is a proper contribution to this congress. However, it has been
written in such a way so I encountered many problems in understanding. From
the beginning, the objectives are quite clear, which is nice, but the authors
keep repeating the pros and cons of each approach in every subtitle, which
makes the reading a bit tedious.
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